Establishment of cell lines
Mononuclear cells from a peripheral blood sample drawn during the blastic phase (November 1993) were separated by FicIntroduction oll-Hypaque (d = 1.077) density gradient centrifugation at 850 g for 20 min and seeded at 2 × 10 6 /ml in 35-mm Petri Chronic myelogenous leukemia (CML) is characterized by dishes, containing 2 ml Dulbecco's modified Eagle's medium progressive accumulation of differentiated blood cells derived (DMEM) with 4.5 g/l dextrose (ICN, Oxford, UK), supfrom a single pluripotent progenitor cell carrying the so-called plemented with 20% fetal bovine serum (FBS; Gibco, Life Philadelphia (Ph) chromosome. Virtually all CML patients Technologies, Paisley, UK), 2 mM L-glutamine (Gibco), 10
enter the blastic crisis (BC) stage, in which the malignant cells 2-mercaptoethanol and antibiotics. The cells were incubated may show characteristics of various cell types, including those at 37°C in a humidified 5% CO 2 atmosphere and fresh DMEM of the megakaryocytic lineage.
1 was added at 7-day intervals, replacing half of the medium Cell lines derived from patients with CML-BC may be useful each time. Neither growth factors nor exogenous feeder layers for investigating hematopoietic cell growth and differentiation, were used. providing information on the action of biological agents in
In January 1994, the cells began to grow slowly, with large CML cells, as well as on the cascade of molecular events assoround cells proliferating on a substrate of fibroblast-like cells. ciated with this myeloproliferative disorder. 2 When the cells showed a doubling time of 7 days (May 1994), Due to the scarceness of megakaryocytes (MK) in normal they were transferred to tissue culture flasks (Falcon; Becton bone marrow, the establishment of MK cell lines can provide Dickinson, San Jose, CA, USA), and, within a few weeks (July models in order to perform studies on megakaryocytopoi-1994), a series of 12 subcultures were obtained. In this phase, the fibroblast-like cells disappeared. Four months later (November 1994), two subcultures began to grow vigorously, be established. The cells grew in single cell suspensions, and CSF-R), hIL-1R-M1 (CD121a, IL1R type 1), hIL-1R2-M22 (CD121b, IL1R type 2), 9F5 (CDw123, IL3R␣), S456C9 the later passages showed doubling times of 48 h (JURL-MK1) and 72 h (JURL-MK2). The cells grew at an optimal cell den-(CD124, IL4R), R34.34 (CD127, IL7R), 3B5 (CD132, IL2R chain), 4G8 (CD135, Flt3). As negative controls, IgG1, IgG2a sity of 1.5 × 10 6 (minimum: 8 × 10 5 cells/ml; maximum: 2.5 × 10 6 cells/ml). JURL-MK1 was split 1:2 every 48 h or 1:3 and IgG2b immunoglobulin, purchased from Immunotech and Ortho Diagnostic Systems, were utilized in direct and every 72 h, while JURL-MK2 was split 1:2 every 72 h.
Aliquots of both JURL-MK1 and JURL-MK2 cells were cryoindirect immunofluorescence experiments. As second step reagent for indirect immunofluorescence, a FITC-conjugated preserved in FBS/DMSO (6:1). Although we could maintain both JURL-MK1 and JURL-MK2 cells for 3 years in stable congoat anti-mouse antiserum (Ortho Diagnostic Systems) was employed. dition, the cryopreserved cells were routinely thawed and cultured for further characterization of the cell lines.
In all immunofluorescence experiments, non-specific bindings due to Fc receptors were avoided by pre-incubating the A test for mycoplasma contamination (Mycoplasma PCR ELISA; Boehringer Mannheim, Mannheim, Germany) was percells at 4°C with rabbit immunoglobulin. Intracellular hemoglobin was detected by intracytoplasmic formed at regular intervals, but no contamination was found in either cell culture.
indirect immunofluorescence after cell permeabilization (Becton Dickinson permeabilizing solution), using a rabbit Cell lines were established at the Divisione di Oncologia Sperimentale C, Istituto Nazionale per lo Studio e la Cura dei polyclonal antiserum (Dako) and a FITC-conjugated swine anti-rabbit antiserum (Dako) as second step reagent. Tumori, Fondazione G Pascale, Naples, Italy.
The findings obtained for individual cell lines were expressed as a percentage of positive cells with the background subtracted. The mean channel of fluorescence intenMorphology, cytochemistry and cell marker analysis sity of histograms characterized by unimodal distribution was directly obtained from the cytometer and recorded. Cytospin preparations of JURL-MK1 and JURL-MK2 cells were stained with May-Grünwald-Giemsa and morphology was evaluated under a light microscope. Cytochemical stainings were performed for myeloperoxidase (MPO), alkaline phosKaryotype and bcr rearrangement analysis phatase (AP), ␣-naphtyl acetate esterase (ANAE) and periodic acid-Schiff (PAS).
Chromosome analysis was performed as follows: the cultured cells were treated with 75 mM hypotonic KCl solution for Cell surface antigens were tested by flow cytometry (Cytoron Absolute; Ortho Diagnostic Systems, Raritan, NJ, 30 min at 37°C and then fixed with methanol/acetate (3:1) solution. The chromosomes were banded by tripsin-Giemsa USA). Cell viability was routinely assessed by analysis of light scatter properties. Living cells were also scored daily under a staining.
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The rearrangements of M-bcr were tested in DNA samples phase contrast microscope.
The membrane expression of differentiation antigens was obtained from the patient's bone marrow cells and from the cell lines by Southern analysis, using a standard technique. 6 investigated with a panel of monoclonal antibodies (MoAb) directly coupled with fluorescein (FITC) or phycoerythrin (PE), Briefly, 15 g of genomic DNA was digested with a three-fold excess of BglII, HindIII, EcoRI or BamHI restriction enzymes including OKT11-FITC (CD2), Leu9-FITC (CD7), OKB19-FITC (CD19), OKB2-FITC (CD24), LeuM9-PE (CD33), LeuM7-PE (New England Biolabs, Beverley, MA, USA), electrophoresed on an 0.8% agarose gel, blotted on positively charged nylon (CD13), OKM5-FITC (CD36), Leu15-PE (CD11b), LeuM5-PE (CD11c), 17F11-PE (CD117), anti-GPA-FITC (glycophorin-A), membranes (Hybond N-plus, Amersham, Buckingham, UK), and hybridized to 50 ng of ␣ 32 P labelled 0.7 kb HindIIIanti-HLA-DR-PE (HLA-DR), IOM34-PE (CD34), HPCA-2-PE (CD34), anti-IIIa-FITC (CD61), IOP41a-FITC (CD41a), BamHI genomic probe encompassing exons 2 and 3 of the M-bcr region of the bcr gene. ance with the manufacturer's instructions. Cytospins of the cell lines were fixed in 4% formalin, air-dried, rehydrated in from Coulter Electronics (Hialeah, FL, USA). CD43 was studied by indirect immunofluorescence, using Leu22 (Becton pure water and treated with proteinase K diluted in tris-buffered saline (TBS). Following two washings in pure water and Dickinson). CD40, CD126 (IL6-R␣) and CD130 (IL6R␤, gp130) were also studied by indirect immunofluorescence immersion in 95% ethanol, the slides were air-dried and incubated at 55°C for 30 min with a FITC-conjugated EBV peptide using, respectively, the MoAbs G28-5, MT-18 and AM64, obtained at the V International Workshop on Leukocyte Difnucleic acid (PNA) probe complementary to the nuclear EBER. FITC-conjugated PNA probe directed against glyceraldehyde ferentiation Antigens. Other cytokine receptors were studied by indirect immunofluorescence using MoAbs obtained at the 3-phosphate dehydrogenase cellular RNA and FITC-conjugated random PNA probes were used as positive and negative VI International Workshop on Leukocyte Differentiation Antigens. In particular, the MoAbs used were SCO4 (CD116, GMcontrols, respectively. Following the hybridization step, the slides were immersed in preheated stringent wash solution at washed twice with DMEM and cultured for 4 days at a density of 1 × 10 6 /ml under the aforementioned culture conditions. 55°C for 25 min with shaking. Then, the slides were incubated with an anti-FITC AP-conjugated antibody for 30 min at room Differentiating agents were added to the cultures during logarithmic growth. Control cultures without inducers were always temperature. Following repeated washings in TBS and in pure water, the slides were incubated with two to three drops of established simultaneously. Blast cell immunophenotyping was performed using the substrate (5-bromo-4-chloro-3-indolylphosphate, BCIP) combined with nitroblue tetrazolium (NBT) and an inhibitor of described panel of MoAbs, after 4 days of liquid culture with and without inducers. The analytical gate included a percentendogenous AP (levamisole), immersed in tap water for 5 min and mounted in glycergel.
age of cells higher than 90%. The absolute number of viable cells before and after incubation was calculated cytometrically, and only experiments revealing comparable values were included in the analysis.
Molecular typing of HLA class I and class II HLA class I and class II typing of the patient's fresh cells and the derived cell lines JURL-MK1 and JURL-MK2 was perforProliferation assay med using the PCR-sequence specific primers (SSP) method described by Olerup et al. 9, 10 Commercial kits (Dynal, Oslo, The proliferative response of the cell lines to various hematoNorway) for PCR-SSP low-resolution of HLA-A, -B, -C, DRB1
poietic effector molecules was examined by standard 3 H-thyloci and PCR-SSP high-resolution of DRB1*01, DRB1*15/16, midine incorporation and ␤-scintillation counting (Liquid DRB5, DQB1 loci were used according to the manufacturer's Scintillation Systems; Beckman Instruments, Fullerton, CA, instructions. Genomic DNA from the patient's fresh cells and USA). The cells were washed extensively prior to the proliferfrom the derived cell lines was extracted as previously ation experiments and the number of viable cells was quantitdescribed. 11 Amplification was carried out using Taq-polyated by flow cytometry, according to their light scatter propermerase (Perkin-Elmer Roche, Branchburg, NJ, USA). After ties. The cells were seeded in triplicate in 100 l medium in PCR, electrophoresis on 2% agarose gel of amplified samples flat-bottomed 96-well plates and incubated in the absence or was carried out to detect both the presence of amplified conpresence of cytokines, at a concentration of 2 × 10 5 cells/ml. trol bands and amplification of allele-or group-specific bands.
For the last 6 h of the 48 h incubation period, 1 Ci methylSince each primer pair gives rise to an amplified band which 3 H-thymidine (Amersham-Buchler, Braunschweig, Germany) can be identified by its molecular weight, this was tested by was added to each well. The panel of recombinant human using DNA molecular weight marker VI (Boehringer cytokines was composed as follows (in parentheses, standard Mannheim). Alleles were assigned according to the abbreviation, supplier and concentrations at which the cytoNomenclature for Factors of the HLA System. 12 kines were applied): granulocyte colony-stimulating factor (G-CSF; Chugai-Rhone Poulenc, Vitry-sur-Seine, France, 10 ng/ml); granulocyte-macrophage colony-stimulating factor Ploidy studies (GM-CSF; Schering-Plough, Innishannon, Eire, 2.5 ng/ml), interleukin-2 (IL-2; Proleukin, EuroCetus, Amsterdam, The JURL-MK1 and JURL-MK2 cells were harvested, washed twice Netherlands, 50 U/ml), interleukin-3 (IL-3; Sandoz Pharma, with Ca 2+ /Mg 2+ -free PBS and stained with a propidium iodide Basel, Switzerland, 100 U/ml), interleukin-6 (IL-6; Biosource (PI) ipotonic staining solution (PI 50 g/ml in 0.1% sodium International, Camarillo, CA, USA, 100 U/ml), interleukin-11 citrate, plus RNAse, 1 mg/ml) (all chemicals were from Sigma (IL-11; Biosource International, 100 ng/ml) stem cell factor Chemical Co, St Louis, MO, USA). Briefly, one milliliter of PI (SCF/kit ligand; Biosource International, 50 ng/ml). SCF was solution was added to 1 × 10 6 cells and incubated for 30 min also used in combination with IL-3 and GM-CSF, at the conat room temperature in the dark. The DNA content was anacentrations mentioned. These assays were performed three lyzed by a FACScan flow cytometer (Becton Dickinson). Nortimes on different occasions, using the entire panel of factors. mal human leukocytes were used as the standard in all experiMoreover, dose-response curves (one cytokine per experiments. Ploidy was defined by the DNA index (DI), which mental session) were determined with: G-CSF 0.1 ng/ml to represents the DNA content of G0/G1 cells in comparison to 100 ng/ml; GM-CSF 0.25 ng/ml to 250 ng/ml; IL-2 0.5 U/ml the diploid leukocyte standard. The DI was calculated by to 500 U/ml; IL-3, IL-6 and IL-11 1 U/ml to 1000 U/ml; SCF dividing the mode channel value of the cell line G0/G1 peak 0.5 ng/ml to 500 ng/ml. by the mode channel value of the diploid leukocyte G0/G1 peak.
Results

Induction of cell differentiation
Morphology and cytochemical characteristics Induction of differentiation was studied utilizing the following agents: 12-O-tetradecanoyl-phorbol-13-acetate (TPA; Sigma Chemical Co, 10 −7 M), all-trans retinoic acid (ATRA; Sigma Phase contrast microscopy revealed in both lines cell size heterogeneity, with the presence of giant cells (3% in both cell Chemical Co, 0.5 M), dimethyl sulfoxide (DMSO; Sigma Chemical Co, 1.2%, v/v), cytosine-arabinoside (Ara-C; lines) which were twice the size of the majority of cells. MayGrünwald-Giemsa-stained cytospin preparations showed that Upjohn, Kalamazoo, MI, USA, 5 × 10 −9 M) and hemin (Sigma Chemical Co; 0.1 mM). TPA was dissolved in 100% ethanol, JURL-MK1 cells were round, with large nuclei containing one to several prominent nucleoli. The cytoplasm was basophilic ATRA in 100% DMSO, Ara-C and hemin in DMEM with 20% FBS. The inducers were further diluted to a final concentration with many vacuoles. Almost all cells showed cytoplasmic protrusions. JURL-MK1 also occasionally showed cells characin culture medium. Before each experiment, the cells were Table 1 Surface marker analysis of the two novel MK cell lines terized by a larger size and lobulated nuclei ( Figure 1A ). JURL-MK2 morphology was similar, although a few differences Figure 3 . Results showed positive JURL-MK1 has a hypodiploid karyotype (33-43 DNA amplification of internal control (429 bp) in all gel lanes, chromosomes).
The predominant karyotype was whereas specific DNA amplification, found in gel lanes 1, 3, 39XY,−4,−5,−9, der(9)t(9;22)(q34q11),−11,−12,i(17),−18,−19, 5, 10, 12, identified the presence of the DRB1*1501. −21,der(22)t(9;22)(q34q11),+mar1(six metaphases) ( Figure  2a ). JURL-MK2 was near-triploid (66-80 chromosomes). One paradigmatic karyotype is presented in Figure 2b (72XXY, Cellular ploidy analysis +1,+3,+3,+4,+5,+5,+6,+7,+8,+8, der(9)t(9;22)(q34q11), +der(9) t(9;22) (q34q11),+10,+10,+12,+12,+13,+14,+15,+15, Flow cytometry analysis demonstrated that the G0/G1 peak +16,i(17),+18,+21,+21, der(22)t(9;22)(q34q11),+22, +der (22) of JURL-MK1 was comparable to the diploid peak of normal t(9;22)(q34q11). Among the 24 cells analyzed, three metaleukocytes (DI = 1.03), while the G0/G1 peak of JURL-MK2 phases displayed a pattern identical to that described, whereas indicated hyperdiploidy (DI = 1.9) (data not shown). 14 metaphases had similar findings but with additional random gains. The karyotypes have been tested on different occasions, with identical results.
In situ hybridization (ISH) for Epstein-Barr virus (EBV) nuclear RNA
Immunocytochemistry testing with FITC-conjugated EBV PNA probe complementary to the two nuclear EBER RNAs revealed (Figure 6 ) or DMSO. Along with these digestions with the restriction enzymes (HindIII (Figure 4) and BamHI (not shown). These data were consistent with a hybrid main results documented in Figures 5 and 6 , TPA stimulation exerted on JURL-MK1 a number of additional effects, ie a bcr/abl gene with the junction b3/a2. Indeed, RT-PCR analysis revealed in all samples a p210 type of bcr/abl transcript with marked increase in the percent expression of CD44, CD54 and CD69 (from 8.9 to 76.1%, from 7.7 to 47.2% and from the b3/a2 junction. b2a3 transcript was not detectable by RT-PCR (data not shown).
28.8 to 95.4%, respectively). On the same cells, the only effect produced by DMSO was a decrease in HLA-DR + cells, from 48.1 to 19.6% (data not shown). In JURL-MK2, TPA stimulation increased CD44 and CD69 expression (from 30.0 Induction of cell differentiation to 94.5% and from 11.1 to 81.8%, respectively), while reducing CD54 and CD40 expression, from 98.8 to 74.4% and from Exposure of the two cell lines over 4 days to Ara-C, ATRA and hemin did not show significant effects on the cell surface 78.8 to 30.6%, respectively. Similar results were obtained with DMSO. In addition, in the JURL-MK2 cell line, the mean marker pattern when compared to the immunophenotype of non-induced cells. By converse, exposure of JURL-MK1 to channel of fluorescence intensity of HLA-DR positive cells after exposure to DMSO was significantly lower as compared TPA and of JURL-MK2 to TPA or DMSO produced relevant surface marker pattern modifications. Marked differences to control cultures (data not shown). were observed when analyzing the expression of CD117 and CD30, along with a marker of MK differentiation, CD41a
Effect of growth factors on JURL-MK1 and JURL-MK2 ( Figure 5 ). In particular, in JURL-MK1 we observed a signifiproliferation cant TPA-driven increase of CD41a expression (Figure 5a ), while DMSO had no effect (Figure 5b ). By contrast, in JURL-
The JURL-MK1 and JURL-MK2 cell lines grow in the absence of any added growth factor. However, the effects of selected MK2 we observed comparable results by both TPA (Figure 5c cytokines on the proliferation of these cells were assessed by lished from the peripheral blood of a patient with Ph + CML-BC, which are characterized by different cytogenetic, phenomeasuring the 3 H-thymidine incorporation into DNA. The values were calculated in comparison to the incorporation typic and functional features. The possibility of generating more than one cell line from a single patient has been prelevel without growth factor (51 000 ± 5200 c.p.m.) and are averages of triplicates. SCF stimulated the 3 H-thymidine incorviously described, for example as regards the myelomonocytic cell line ME-1. 13 There are two possible explanations for the poration (1.5-fold basal level) of JURL-MK1 cells, while it was ineffective on JURL-MK2 (Figure 7) . No synergistic effect with generation of morphologic, cytochemical, phenotypic and cytogenetic changes in different sublines: the occurrence of IL-3 or GM-CSF was observed. G-CSF, GM-CSF, IL-2, IL-3, IL-6 and IL-11 had no significant effect on 3 H-thymidine incoran intracellular stochastic event or, alternatively, the establishment of unforeseeable and imperceptible divergent conditions poration in either JURL-MK1 or JURL-MK2. Three different assays gave identical results. Dose-response curves, perforin split subculture microenvironments. In order to obtain unequivocal evidence to demonstrate that med with all factors, confirmed that SCF stimulated JURL-MK1 (but not JURL-MK2) in a concentration-dependent manner our cell lines are derived from the same ancestry, as well as to formally exclude cross-contamination and misidentifiwith the maximal stimulation at 50 ng/ml (data not shown).
cation, we showed the HLA class I and class II molecular typing of the original cells in direct comparison with the resulting cell lines.
Discussion
As for cytogenetic differences, JURL-MK1 is hypodiploid, whereas JURL-MK2 is near triploid. This finding, obtained by Cell lines of CML origin, representing the early differentiation stages of various hemopoietic lineages are useful models to conventional cytogenetic analysis, was confirmed by the results of ploidy analysis by flow cytometry, although the coninvestigate biological events occurring in this type of leukemia.
2 Moreover, among the various CML cell lines, cells cordance between these two methods cannot be absolute. In order to clarify the differentiation stage of the cell lines arrested at the MK differentiation stage can provide new insights into biological studies on megakaryocytopoiesis, JURL-MK1 and JURL-MK2 we evaluated a large series of cell markers, including platelet glycoproteins, the CD34 antigen which are often hampered by difficulty in obtaining MK progenitors from normal human bone marrow.
3,4 In the present and erythromyeloid specificities. A 'pure' MK cell line should display the following biological characteristics: expression of study, we describe two novel MK-oriented cell lines, estab- The absence of the CD42b/gpIb molecule does not preclude the attribution of MK JURL-MK1 and JURL-MK2 do not express CD34. It is not clear whether this phenotype reflects a relatively late differenorigin to JURL-MK1 and JURL-MK2, since even in other previously described MK cell lines its expression is variable. 14 tiation stage, as suggested by the existence of CD34 − /CD61 + MK precursors 16 or, alternatively, if it indicates a malignancyMoreover, when typing acute leukemia cells, CD41a
− cells are considered as megakaryoblasts, 15 while the simulrelated surface membrane abnormality. The lack of CD34 positivity cannot be due to a defective reactivity in the taneous expression of CD41a and CD42b has been referred to as characteristic of (pro)megakaryocytic leukemia. At the reagents used, since the finding was confirmed using two different MoAbs. Of note, other published MK lines are characsame time, the constitutive expression of CD61/gpIIIa along with CD36/thrombospondin receptor 15 provides additional terized by low or even absent CD34 expression. 4 The pheno- In our expression is a common feature of myeloid leukemia cells. 20 In non-lymphoid malignancies the expression of CD25 is opinion, our novel cell lines can be employed in studying new aspects of megakaryocytopoiesis, such as the expression and related to the co-expression of markers of different lineages as well as to the presence of the Philadelphia chromosome. 21 role of NGF-Rs and c-kit, and for further elucidating the biological meaning of the apparently reciprocal regulation of Another relevant finding in this work is the divergent expression of CD117/c-kit, CD116/GM-CSF-R and these molecules. CDw123/IL3R␣ in these two cell lines. The c-kit product, reported on most of the megakaryoblastic cell lines established so far, 22,23 was more expressed on JURL-MK1, as comAvailability of the cell lines pared to JURL-MK2. In accordance with surface phenotype, the growth of the JURL-MK1 cell line could be significantly JURL-MK1 and JURL-MK2 cell lines will be made available to enhanced by exposure to SCF. By contrast, although CD116 outside investigators upon request to the first (RDN) or senior and CDw123 were an almost exclusive feature of JURL-MK2, author (LDV). GM-CSF and IL-3 were unable to stimulate JURL-MK2 cell growth. Moreover, GM-CSF and IL-3 were unable to synergize with SCF on both JURL-MK1 and JURL-MK2 cell lines. These Acknowledgements data are divergent from those obtained with another welldescribed MK cell line, ELF-153, 3,4 and could enable R Di Noto was a recipient of an AIRC fellowship throughout additional studies concerning the effects of SCF on the period of establishment of the two cell lines (1993) (1994) (1995) . megakaryocytopoiesis.
Ploidy was studied by Dr Stefano Pepe and Dr Angela RuggiFurther studies on the effects of other hematopoietic cytoero, Chair of Oncology, Università Federico II, Naples. kines, in particular the recently cloned human recombinant thrombopoietin (TPO) are required. A recent review reported that while none of 30 growth factor independent erythro-MK cell lines respond to TPO with increased proliferation, this References growth factor strongly augments the growth of cytokinedependent cell lines (HU-3, M0-7e, TF-1), which can be 1 Kantarjian HM, Deisseroth A, Kurzrock R, Estrov Z, Talpaz M.
Chronic myelogenous leukemia: a concise update. Blood 1993;
rendered TPO-dependent and used as bioassays. line, produces CD30 transcripts. 29 The results of published MK2 is more inducible as compared to JURL-MK1. In parti-
